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Cell wallEulaliopsis binata is one of the best ﬁber grass plants for its high ﬁber quality and production. Large scale
trancriptome sequencing of E. binata was ﬁrst performed using mixed leaf samples of 20 wild clusters. A
total of 26,438,832 clean reads were generated and were assembled into 59,134 isogenes with an average
length of 845 bp. BLAST against the NCBI non-redundant protein, KEGG and GO databases has classiﬁed
these isogenes into functional categories for understanding gene functions and regulation pathways. Only
15.0% of the assembled isogenes were similar to known proteins and 24.4% has no hits in the nr protein data-
base. The total isogenes and 5306 highly expressed isogeneswere performed by BLASTxwith theMAIZEWALL,
the cell wall navigator and the PlantTFDB databases. A total of 6681 simple sequence repeats (SSRs) and
147,177 single nucleotide polymorphisms (SNPs) were detected in the isogenes and 5723 pairs of SSR primers
were designed.
© 2013 Elsevier Inc. All rights reserved.1. Introduction
Eulaliopsis binata (Retz.) (common name sabaigrass) is a perennial
grass of Poaceae family. The high leaf ﬁber content (more than 55%),
low lignin content (less than 14%), excellent ﬁber length (average
20 mm), good ﬂexibility and strength make it the best raw material
in ﬁber grass plants for paper industry and as rayon and woven mate-
rials [1–3]. The characteristics of wide range of adaption, strong stress
resistance, easy planting and perennial growth, well-developed root
system and dense aboveground population also make it a good spe-
cies for soil and water conservation and wasteland construction
[4,5]. Practices on large-scale cultivation of E. binata in barren hills
and slopes have proved fast ecological beneﬁts [6,7]. As a close relative
of cereal crops, E. binatawas recognized as an important apomixis re-
searchmaterial because of its high frequency of autonomous apospory
[8]. This trait of apomixis combinedwith autonomous endosperm for-
mation is the most expected character for ﬁxation of hybrid vigor in
cereal crop breeding.
E. binata is mainly distributed in China, India and countries in
Southeast Asia. It is distributed over 10 provinces south fromGuangdong
and north to Shanxi province in China [1,9]. All the E. binata resources
currently applied in the cultivation are wild germplasm and there are
huge differences among thesewild resources in different ecological hab-
itats [10,11]. It is highly necessary to characterize the wild germplasmiotechnology, HunanAgricultural
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rights reserved.resources for breeding new varieties with higher yield and better ﬁber
quality [12]. Only a few studies on genetic diversity and classiﬁcation
of E. binata germplasm resources were carried out using AFLP and
RAPD Markers [10,11]. There was no molecular biological and genomic
work in E. binata yet.
Large scale trancriptome sequencing using the high-throughput
sequencing technology can quickly get all the transcripts for genome
annotation and gene discovery of non-model species [13–15], espe-
cially for E. binata. To date, only 407 DNA sequences of E. binata have
been deposited with GenBank, including 398 EST [16] and 9 nucleo-
tide sequences, and no reports on E. binata transcriptome sequencing
were reported. This is far from enough for genomic study and func-
tional gene identiﬁcation in E. binata.
Simple sequence repeat (SSR) has been widely used in the study of
genetic identiﬁcation and ﬁngerprint mapping with the characteris-
tics of high polymorphic information content, simple technology,
and good reproducibility. Currently only a few SSR primers were de-
veloped in E. binata [17]. Single-nucleotide polymorphism (SNP) is
the most abundant type of markers and is easy to develop and detect
by high-throughput sequencing technology.
In this study, large scale trancriptome sequencing was ﬁrst per-
formed using an equally mixed RNA sample of 20 wild E. binata clus-
ters collected from different provinces in south China. A total of
59,134 isogenes were assembled with a total isogene length close to
50 Mb. A total of 6681 SSRs and 147,177 SNPs were identiﬁed from
these isogenes for marker development. These sequences along with
their functional annotation and classiﬁcation provided useful informa-
tion for the molecular and genetic characterization of wild E. binata
germplasm resources.
Table 1
KEGG biochemical mappings for transcriptome of Eulaliopsis binata.
KEGG pathways Sub-pathways Number of
isogenes
Percentage
(%)
Genetic information
processing
Total 1537 12.3
Folding, sorting and
degradation
450 3.6
Replication and repair 302 2.4
Transcription 154 1.2
Translation 631 5.1
Organismal
systems
Total 1328 10.7
Circulatory system 60 0.5
Development 59 0.5
Digestive system 90 0.7
Endocrine system 339 2.7
Environmental adaptation 66 0.5
Excretory system 61 0.5
Immune system 351 2.8
Nervous system 290 2.3
Sensory system 12 0.1
Cellular
processes
Total 1295 10.4
Cell communication 160 1.3
Cell growth and death 681 5.5
Cell motility 96 0.8
Transport and catabolism 358 2.9
Environmental
information
processing
Total 587 4.7
Membrane transport 53 0.4
Signal transduction 523 4.2
Signaling molecules and
interaction
11 0.1
Human diseases Total 1828 14.7
Cancers 375 3.0
Cardiovascular diseases 29 0.2
Endocrine and metabolic diseases 59 0.5
Immune diseases 39 0.3
Infectious diseases 772 6.2
Neurodegenerative diseases 539 4.3
Substance dependence 15 0.1
Metabolism Total 5893 47.3
Amino acid metabolism 897 7.2
Biosynthesis of other secondary
metabolites
283 2.3
Carbohydrate metabolism 1471 11.8
Energy metabolism 836 6.7
Glycan biosynthesis and
metabolism
226 1.8
Lipid metabolism 619 5.0
Metabolism of cofactors and
vitamins
351 2.8
Metabolism of other amino acids 283 2.3
Metabolism of terpenoids and
polyketides
214 1.7
Nucleotide metabolism 429 3.4
Xenobiotics biodegradation and
metabolism
284 2.3
Total 12,468 100
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2.1. Transcriptome sequence assembling and functional classiﬁcation
The Illumia Solexa sequencing of E. binata generated 31,097,836
reads, encompassing about 3.32 Gb sequencing data. The average
length of reads was 81 bp. After initial adapter trimming and quality
ﬁltering, the remaining 26,438,832 clean reads, encompassing about
1.85 Gb of sequencing data, were assembled into 59,134 isogenes
using Trinity with a total isogene length of 49,996,099 bp. The se-
quences of all the isogenes were provided in fasta format in Table S1.
The length of the isogenes ranged from 306 to 14,673 bp, with an
average isogene size of 845 bp. As shown in Fig. 1, 52.43% of the
isogenes were less than 600 bp, and only 6.8% of the isogenes were
over 2000 bp in length. The number of reads in the isogenes varied
from 2 to 2,077,084 with an average of 309 (Table S2). About 88.9%
of the isogenes have the number of reads less than 500, and 59.9% of
the isogenes have the number of reads less than 100 (Fig. S2). The
isogenes with the number of reads more than 5000 only accounted
for 0.4% of the total isogenes. We deﬁned the isogenes with reads
more than 2 times of the average (618 reads) as highly expressed
isogenes and 5306 highly expressed isogenes were found, accounting
for 9.0% of the total isogenes. The 11 isogenes with most abundant
reads represented 4 hypothetical proteins, 3 dirigent-like proteins, 2
cell wall-associated hydrolases, 1 pyruvate orthophosphate dikinase
and 1 polyphenol oxidase (Table S3).
Similarity analysis of all assembled isogenes was performed by
BLAST against the NCBI non-redundant (nr) protein, KEGG and GO da-
tabases. A total of 44,723 isogenes had signiﬁcant hit in the nr protein
database (Table S4), accounted for 75.6% of all the assembled isogenes.
Fifteen percent of the assembled isogenes (8878 isogenes) were sim-
ilar to known proteins, much lower than the rate in other reported
transcriptome sequencing program (45.1% in Chinese white wax
scale [18], 40.4% in sweet potato [19]). Of the remaining 85% of the as-
sembled isogenes, 60.6% were similar hypothetical proteins or un-
known proteins, and 24.4% presented no similarity to any sequence
in the nr protein database (no hits). Some of these unique isogenes
may be speciﬁc to E. binata.
Of all the total isogenes, 21.1% were grouped into the functional
classiﬁcation by KEGGpathway that has beenwidely used for pathway
mapping. Enzyme commission (EC) numbers were assigned to 12,468
isogenes and were classiﬁed into 314 different pathways (Table 1,
Fig. S2). Metabolism pathways were the most abundant group
(47.3%), with most of them involved in carbohydrate metabolism
(11.8%), amino acid metabolism (7.2%), energy metabolism (6.7%),
and lipid metabolism (5.0%). Human diseases, genetic information
processing, organismal systems, cellular processes and environmental
information processing were represented by 14.7%, 12.3%, 10.7%,
10.4% and 4.7% of the KEGG annotated isogenes, respectively.Fig. 1. Size distribution of the assembled isogenes of Eulaliopsis binata.A total of 35,654 isogenes were assigned at least one GO term for
describing biological processes, molecular functions and cellular com-
ponents (Fig. 2, Table S4). Of these isogene GO terms, the molecular
function ontology made up the majority (24,579, 68.9%), followed by
biological process (21,246, 59.6%) and cellular component (19,347,
54.3%). Formolecular function, genes involved in the binding, catalytic
activity and transporter activity were highly represented. Under
the biological process, the major categories were cellular process,
metabolic process and response to stimulus. Finally, by cellular com-
ponent method, the majority of the assignments were cell part, cell
and organelle.
2.2. SSR and SNP detection
Transcriptome is also an important resource for rapid and cost
effective development of genetic markers. A total of 6681 SSRs were
identiﬁed (Table 2, Table S5). The largest fraction of SSRs identiﬁed
Fig. 2. Gene Ontology annotations of the assembled isogenes of Eulaliopsis binata.
59D. Zou et al. / Genomics 102 (2013) 57–62was trinucleotide (63.7%), followed bymononucleotide (23.5%), dinu-
cleotide (8.4%). Among the SSRs identiﬁed, A (23.2%) accounted for
98.9% of the mononucleotide repeats, AG (5.1%) accounted for 59.9%
of the dinucleotide repeats, while CCG (21.0%), AGC (11.3%) and
AGG (9.5%) accounted for 65.5% of the trinucleotide repeats. The aver-
age frequency of SSRs was found to be one SSR per 4.1 kb. A total of
5723 pairs of primers were designed using primer 5 software (Table
S6). We randomly selected 93 pairs of these designed primers to
check the ampliﬁcation and polymorphism in the 20 E. binata clusters.
Positive ampliﬁed bands were obtained from 63 pairs of primers
and polymorphism bands were existed in products of 24 pairs of
primers, accounted for 25.8% of the tested primers. Fig. S3 is a repre-
sentative PCR result in the 20 clusters ampliﬁed using primer pair
comp4057c0seq1. These results suggested that the primers designed
from our transcriptome sequences with SSR locus will be very useful
resources for SSR marker development.Table 2
Summary of SSRs identiﬁed from the transcriptome of Eulaliopsis binata.
SSR type Repeats No. of SSR-containing
isogene
% of total SSRs
Mononucleotide Total 1570 23.5
A 1552 23.2
C 18 0.3
Dinucleotide Total 564 8.4
AG 338 5.1
AC 151 2.3
AT 44 0.7
CG 31 0.5
Trinucleotide Total 4255 63.7
CCG 1400 21
AGC 752 11.3
AGG 634 9.5
ACG 430 6.4
ACC 333 5
AAG 310 4.6
ATC 208 3.1
AAC 83 1.2
ACT 59 0.9
AAT 46 0.7
Tetranucleotide Total 199 3.0
Pentanucleotide Total 58 0.9
Hexanucleotide Total 35 0.5
Total 6681 100As the transcriptome sequences were obtained from a mixture of
20 different populations, it is also very useful for detecting SNP poly-
morphism. A total of 147,177 high-quality SNPs were identiﬁed from
the isogenes (Table 3, Table S7). The predicted SNPs included 94,386
transitions and 52,791 transversions. The overall frequency of all
types of SNPs was one SNP per 340 bp.
2.3. Genes putatively related to cell wall formation
Plant cells are encased in rigid walls composed of cellulose, hemi-
cellulose, pectin, proteins, and lignin, which vary in amount de-
pending on cell types. Plant cell walls are important in human life,
providing major dietary ﬁbers and essential raw materials for textile,
lumber, pulping, and potentially for biofuels. Therefore, understand-
ing cell wall related genes will have far-reaching impacts on biotech-
nological applications. Since we are primarily interested in E. binata
ﬁber formation, the expression of cell wall related isogenes were
analyzed by BLASTx with the two recently developed databases
MAIZEWALL and the cell wall navigator to identify putative genes re-
lated to cell wall formation in assembled isogenes. BLASTx searches
revealed 986 and 9279 isogene matches in MAIZEWALL and the cell
wall navigator databases, respectively, which is opposite to the result
of ratio in pine (1070 and 405 ESTs) [20] and ﬂax (110 and 50 ESTs)
[21].
MAIZEWALL is a bioinformatic analysis and gene expression data
repertory of cell wall biosynthesis and assembly in maize. The 986
isogenes were similar to 173 unique proteins in the MAIZEWALL da-
tabase. Of these 173 unique proteins, the protein with most abundantTable 3
Summary of SNPs identiﬁed from transcriptome of Eulaliopsis binata.
Type Number of count Frequency per kb
Transition – –
C/T 47,164 0.94
A/G 47,222 0.94
Transversion – –
A/T 10,911 0.21
A/C 12,807 0.25
T/G 12,367 0.24
C/G 16,706 0.33
Total 147,177 2.94
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thase (22 isogenes), 60S ribosomal protein (21 isogenes), endo-1,3-1,
4-beta-D-glucanase (16 isogenes) and cellulose synthase (15 isogenes).
The matched isogenes were classiﬁed into 19 functional categories
and represented all the 19 categories in MAIZEWALL database (Fig. 3,
Table S8), suggesting extensive involvement of cell wall related genes
in E. binata gene expression. The most abundant category was polysac-
charide modifying enzymes, accounting for 10.4% of the total
matched isogenes in MAIZEWALL database, followed by general
phenylpropanoid (9.3%), miscellaneous (8.4%), transcription factors
(8.2%), signaling (7.6%) and non-cellulosic polysaccharide biosyn-
thesis (7.2%).
The 210 highly expressed isogenes with matches in MAIZEWALL
were also classiﬁed into 19 functional categories (Fig. 3). The main
categories were miscellaneous (10.5%), transcription factors (9.5%),
protein synthesis (9.5%), polysaccharide modifying enzymes (8.1%),
general phenylpropanoid (8.1%) and DNA/RNA regulation and cell
cycle (8.1%). Compared with the total isogene match classiﬁcation,
the ratio of protein synthesis (9.5%) and DNA/RNA regulation and
cell cycle (8.1%) categories were much higher than that in the total
isogene match classiﬁcation (4.7% and 4.5%).
Cell wall navigator (CWN) is an integrated database and mining
tool for protein families involved in plant cell wall metabolism. In
the CWN database, 4347 genes related with cell wall formation were
classiﬁed into 35 families. The 9279 isogenematches in the CWNdata-
base were classiﬁed into 35 families, representing all families in
the database (Fig. 4, Table S9). LRX is the family with the most abun-
dant isogene matches and accounted for 41.0% of the total matched
isogenes in the CWN database, followed by GH18 (22.4%), GT8
(8.0%), AGP (5.1%) and XGT (3.0%). Leucine-rich repeat family pro-
tein/extensin family protein accounted for 48.6% of the LRX family,
followed by putative transposon protein (19.8%), putative disease re-
sistance protein (15.7%) and extensin-like protein (11.0%). Chitinase
accounted for 62.8% of the GH18 family, followed by receptor-like ki-
nase CHRK1 (20.8%), chitinase 3 precursor (7.1%) and endochitinase
2 precursor (6.5%).
The 1695 highly expressed isogenes with matches in the CWN
were classiﬁed into 30 functional categories (Fig. 4), 5 categories
(GH10, XXT, XFT, GFT and PE) less than the total isogenematch classi-
ﬁcation. The same as total isogene match classiﬁcation, LRX and GH18Fig. 3. Number of isogenes of Eulaliopsis binatawith similarities to each functional catego-
ry genes of MAIZEWALL. The isogenes with matches in MAIZEWALL were classiﬁed into
the following functional categories: 1 polysaccharide modifying enzymes; 2 general
phenylpropanoid; 3 miscellaneous; 4 transcription factors; 5 signaling; 6 non-cellulosic
polysaccharide biosynthesis; 7 putative transporters and trafﬁcking; 8 hormone-related;
9 cell wall proteins; 10 protein synthesis; 11 DNA/RNA regulation and cell cycle; 12 pro-
tein processing; 13 ﬂavonoids; 14 nucleotide sugar synthesis, conversion and transport;
15 lignin/lignan; 16 hydroxylation and O-methylation enzymes; 17 cellulose synthesis;
18 unknown genes; and 19 Shikimate pathway.were found to be the main categories and accounted for 47.0 and
28.0% respectively.
2.4. Identiﬁcation of transcription factors
Transcription factors (TFs) are key regulators for transcriptional ex-
pression in biological processes [22]. The 59,134 isogenes of E. binata
were performed by BLASTx with PlantTFDB to identify putative tran-
scription factors expressed in the leaves of E. binata. A total of 4852
isogenes matched in PlantTFDB (Table S10), which fell into 60 families
(Table S11) and represented 93.8% of the 64 TF families in Arabidopsis
thaliana genome. Themost abundant TF family is WRKY and represent-
ed 21.0% of the total 4852 isogenes, followed by C3H (7.2%), C2H2
(7.1%), PHD (6.8%), Bhlh (5.4%) and MYB (5.4%). Similar to the TFs
found in the ESTs from six developing xylem libraries in radiate pine
[20] and from cDNA library of ﬂax bark tissue [21], high abundance of
WRKY, HB, PHD, C2H2, MYB and AP2-EREBP were also observed in
E. binata. But the C2C2-YABBY, CPP, GARP-ARR-B, HRT-like, JUMONJI,
PLATZ, SRS, ULT, VOZ and Whirly families observed in E. binata were
not reported in ﬂax and radiate pine ESTs. This may suggest that tre-
mendous difference of transcription switches for regulation of gene ex-
pression in E. binata from the ﬁber plant ﬂax and radiate pine.
The 990 highly expressed isogenesmatched in PlantTFDB fell into 50
families (Table S11). Similar to the total isogene match classiﬁcation,
WRKY is also the most abundant TF family and represented 20.0% of
the total 990 matched isogenes, followed by C3H (9.7%), C2H2 (7.5%),
PHD (6.3%), Bhlh (5.7%) and MYB(5.5%). The 10 matched categories
(E2F-DP, VOZ, C2C2-YABBY, BBR-BPC, SRS, GIF, ULT, CCAAT-Dr1,Whirly
and HRT-like) in total isogene classiﬁcation were not existed in highly
expressed isogene match classiﬁcation.
NAC, MYB, zinc ﬁnger, LIM, MADS-box, AUX/IAA and HD are be-
lieved to regulate secondary wall biosynthesis in recent studies
[23–28]. In this study, 110 isogenes match in NAC TFs, including ANAC
(72), ATAF1/2 (15), NAM (2), CUC2 (1) and other TFs (20). Among
them, ATAF1/2, NAM and CUC2 may act as master switches regulating
secondary wall biosynthesis. The TFs identiﬁed in our isogene data
could be important resources for regulation of cell wall biosynthesis.
3. Materials and methods
3.1. Population description and sample collection
The E. binata leaf samples were collected at the same time (June
2nd) and in the same part of plant (2/3 of plant height) from the
Sabaigrass Germplasm Resources Garden at the University Farm of
Hunan Agricultural University in Changsha City, Hunan Province,
China. The fresh leaves were steeped in liquid nitrogen immediately
after collection, and then kept at−80 °C. This garden was established
in 2008 under the support of the National High Technology Research
and Development Program of China (No 2006AA02Z249). All the re-
sources are originally collected fromwild clusters in different counties
of the provinces in south of China. All the cluster locations are govern-
ment owned lands and are not protected in any way. No speciﬁc per-
missions were required for these resource sample collections by the
national policy and this funding national program guideline. The de-
tailed original localization and habitat information of the representa-
tive twenty E. binata clusters used in this study were presented in
Table 4.
3.2. Total RNA extraction, cDNA library construction and sequencing
Total RNA was extracted from the 20 E. binata clusters using Trizol
kit (Invitrogen, CA, USA) and following the manufacturer's instruc-
tion. The total RNA samples of the 20 clusters were equitably mixed
and delivered to Shanghai Majorbio Bio-pharm Biotechnology Co.,
Ltd. (Shanghai, China) for the construction of express chart library
Fig. 4. Number of isogenes of Eulaliopsis binata with similarities to the gene families of the cell wall navigator database. XXT: xyloglucan xylosyltransferases and galactomannan
galactosyltransferases; XTH: xyloglucan endotransglycosylases/hydrolases; XGT: xyloglucan galactosyltransferases; XFT: xyloglucan fucosyltransferase; UGP: UDP-glucose
pyrophosphorylases; UGD: nucleotide sugar dehydrogenase superfamily; S1K: sugar 1-kinases; RGP: reversibly glycosylated polypeptides; PRP: proline-rich proteins; PME: pectin
methyl esterases; PL4: rhamnogalacturonan I lyases; PL1: pectate and pectin lyases; PAE: pectin acetylesterases; NSI: NAD dependent pimerase/dehydratase superfamily; LRX:
leucine-rich repeat extensins; HRGP: hydroxyproline-rich glycoproteins; GT8: glycosyl transferases (pectin bios); GT31a: glycosyl transferases 21A; GSL: glucan synthase-like;
GRP: glycine-rich proteins; GMP: GDP-mannose pyrophosphorylase; GH9: glycoside hydrolases 9; GH51: glycoside hydrolase family 51; GH43: glycoside hydrolase family 43;
GH28: polygalacturonases; GH18: yieldins; GH17: glycoside hydrolases 17; GH10: glycoside hydrolase family 10; GFT: glycoprotein fucosyltransferases; FE: feruloyl esterases;
EXP: expansins; CSL: cellulose and beta-mannan synthase-like; BGAL: beta-galactosidases; AGP: arabinogalactan proteins.
61D. Zou et al. / Genomics 102 (2013) 57–62by TruseqTM RNA sample prep Kit (Illumina) according to the manu-
facturer's protocol. The sequencing was performed using the Illumina
Hiseq 2000 platform.
3.3. Sequence assembly and bioinformatics analysis
The Illumia Solexa sequencing reads were ﬁrst preprocessed by
trimming adaptors and eliminating low quality reads and very short
sequences. The pre-processed sequences were then subject to assem-
bling using the program Trinity (http://trinityrnaseq.sourceforge.net/).
All assembled isogenes were determined by BLASTx against the NCBI
non-redundant (nr) protein database, the Kyoto Encyclopedia of Genes
andGenomes (KEGG) pathway database, Gene Ontology (GO) database,
A. thaliana Transcription Factors database (PlantTFDB), Cell WallTable 4
Habitat characteristics of Eulaliopsis binata clusters.
Cluster no Localization
(province, county of China)
Community type Main habitat char
North latitude
(°′)
1 Guangdong Lianzhou Shrub/herb 24°75′
2 Guangxi Hechi Shrub/herb 24°39′
3 Hubei Danjiang Shrub/herb 32°36′
4 Guizhou Huangping Shrub/herb 26°66′
5 Hunan Cili Herb 29°23′
6 Shaanxi Yangxian Herb 33°23′
7 Hubei Yunxian Shrub/herb 32°71′
8 Chongqing Wushan Herb 31°36′
9 Yunnan Yuanmou Tree/Shrub/Herb 26°65′
10 Henan Xichuan Tree/Shrub/Herb 32°89′
11 Hubei Yunxi Shrub/herb 32°82′
12 Guizhou Xingyi Shrub/herb 24°81′
13 Guangxi Tiandong Tree/Shrub/Herb 23°58′
14 Guizhou Majiang Herb 26°41′
15 Hunan Hengyang Herb 26°67′
16 Guangxi Liucheng Shrub/herb 24°38′
17 Yunnan Jinping Herb 22°64′
18 Guizhou Enron Shrub/herb 24°94′
19 Guangxi Dahua Tree/Shrub/Herb 23°77′
20 Henan Xixia Shrub/herb 34°48′Navigator (CWN) protein database and MAIZEWALL database, respec-
tively. The expectation (E)-value cutoff was set at 1E−5. Gene name
was assigned to each isogene based on the best BLASTx hit with the
highest score.
3.4. SSR and SNP detection
Msatcommander (http://code.google.com/p/msatcommander/) was
used to identify all repetitive elements in assembled transcriptome of
E. binata. The mononucleotide repeats were ignored by modifying the
conﬁgure ﬁle. The repeat thresholds for di-, tri-, tetra-, penta- and
hexa-nucleotidemotifswere set as 8, 5, 5, 5 and 5 respectively. Onlymi-
crosatellite sequences with ﬂanking sequence longer than 50 bp on
both sides were collected for future marker development. The primersacteristics
Elevation
(m)
Annual average
temperature (°C)
Annual rainfall
(mm)
Soil pH Soil texture
612 10.6 1334 7.4 Loamy soil
191 19.2 1400 7.5 Sand soil
327 15.9 834 6.8 Sandy loam
659 14.2 1150 5.9 Loamy soil
581 16.8 1390 7.5 Sandy loam
675 14.5 839 6.8 Sandy loam
351 15.8 816 7.5 Sandy loam
762 18.4 1041 7.3 Sand soil
758 21.7 642 5.4 Sandy loam
567 15.7 817 6.6 Loamy soil
583 15.4 769 7.4 Sandy loam
864 16.8 1516 7.1 Sandy loam
147 21.9 1172 5.9 Sandy loam
672 15.8 1387 6.1 Loamy soil
320 17.9 1452 7.2 Sandy loam
152 20.2 1334 6.6 Sand soil
363 18 2330 5.8 Sandy loam
961 15.6 1356 6.3 Sandy loam
228 13.3 1461 7.2 Sandy loam
572 13.9 650 7.1 Sandy loam
62 D. Zou et al. / Genomics 102 (2013) 57–62for the SSR detected sequences were designed by primer 5 software.
The designed microsatellite primer pairs were tested for ampliﬁcation
and polymorphism check on the 20 clusters used in the transcriptome
sequencing. PCR ampliﬁcation was performed according to Deng et al'
menthod [29]. The products were separated on 8% polyacrylamide
gels and visualized using silver nitrate stain.
Potential SNPs were detected using the program BWA (http://bio-
bwa.sourceforge.net/) and VarScan (http://varscan.sourceforge.net/).
The assembled isogene sequences were used as templates to BLAST
the original sequencing reads.
4. Data deposition
The nucleotide sequences of raw reads from this study were sub-
mitted to the NCBI Sequence Read Archive (SRA) under the accession
number SRA059405.
Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.ygeno.2013.02.014.
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